Vertical transmission (VT) is the primary route of transmission of viral hepatitis in children. The rate of VT ranges from 1-28% with hepatitis B virus (HBV) and 3-15% with hepatitis C virus (HCV). VT for both viruses can occur during the intrauterine or peripartum period. VT of HBV primarily occurs by intrauterine transmission (IUT). Hepatitis B surface antigen is unable to cross the placenta and, therefore, relies on processes like transplacental leakage, placental infection, cellular transmission by peripheral blood mononuclear cells, and germline transmission. HCV can also infect the fetus by IUT. Both viruses also have the potential for transmission during delivery, when there is increase chance of maternal-fetal blood exposure. HBV and HCV share some common risk factors for VT, including maternal viral load, human immunodeficiency virus co-infection and neonatal sex. Prevention of VT differs greatly between HBV and HCV. There are several alternatives for prevention of HBV VT, including antiviral medications during the third trimester of pregnancy and HBV vaccine, as well as hepatitis B immunoglobulin administration to infants post-partum. In contrast, there are no preventative interventions available for HCV. Despite these differences, the key to prevention with both viruses is screening women prior to and during pregnancy. Citation of this article: Mavilia MG, Wu GY. Mechanisms and prevention of vertical transmission in chronic viral hepatitis.
Introduction
Chronic viral hepatitis remains a significant global health concern. In children, vertical transmission (VT) is the primary route of transmission of viral hepatitis. [1] [2] [3] Currently, there are limited data available on viral hepatitis in pregnancy and VT. Often, studies are limited by ethical concerns surrounding pregnancy and fetal well-being. While many risk factors for VT have been identified, the underlying pathophysiology of each are not well known. Overall, our understanding of the mechanisms of VT of chronic viral hepatitis is poor. The purpose of this review is to clarify what is currently known about the mechanisms of VT of both hepatitis B virus (HBV) and hepatitis C virus (HCV).
HBV

Epidemiology
Approximately 370 million people are infected with chronic HBV worldwide. 4 The prevalence of chronic HBV infection varies by geographical region, affecting less than 2% in the United States and Western Europe, 2-8% in the Mediterranean and South America and up to 20% in Asia and Africa. 5 In infants and children, HBV is largely acquired by VT. If exposed to HBV, neonates have a 90% risk of acquiring chronic HBV infection, whereas adults have a 5-10% chance of developing chronic infection. 1, 3, 6 This vast contrast speaks to the differences in immune response observed in children versus adults.
The reported rates of VT range between 1% and 28% [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] ( Table 1 ). There are a number of factors that impact the rate of VT, which will be discussed in greater detail below. One primary difference between these studies is the method used to diagnose HBV infection in neonates.
Diagnostic criteria
There is no universally accepted standard for the diagnosis of HBV infection in infants. 16 This accounts for the wide range in rates of VT (1-28%) [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] seen among HBV studies. The most commonly used diagnostic markers are HBV DNA, hepatitis B surface antigen (HBsAg) and hepatitis B envelope antigen (HBeAg). 16 HBV DNA gives a direct measure of the presence of viral infection, while HBsAg and HBeAg provide indirect measurements. 16 There is some controversy in the literature about the use of these markers for diagnosis of HBV infection. Some studies use HBsAg and/or HBV DNA positivity at certain time points as criteria for infection. 8, 11, 14, 17 Other studies suggest that the presence of these markers at birth may be transient and do not indicate a definite infection. 1 Chen et al.
negative mothers, and ensured an adequate follow-up period, their recommendations have not become widely accepted.
Another proposed solution is to define infection with seromarker measurement at specific time points. If seromarkers are transient at birth, it may be more accurate to measure HBsAg, HBV DNA, and/or HBeAg at 6 or 12 months of age. 1 The studies described above also differ in their methods of blood sampling from infants, with sampling from umbilical cord venous blood and femoral venous blood. Moreover, some studies did not specify the exact site of venous blood draw. Zhang et al. 18 demonstrated no significant difference in seromarkers between blood sampled from the umbilical cord versus the femoral vein. In that study, both types of samples were obtained at birth before administration of immunoprophylaxis. 18 Based on the similar results, Zhang et al. 18 concluded that cord blood sampling may be a more practical method, with regard to easy accessibility at time of birth, safety and reducing needed sticks to the newborn.
The gold standard of diagnosis is HBV DNA detection in neonatal liver tissue; 16 however, this is not routinely done for practical and ethical reasons.
Mechanisms of VT
VT of HBV primarily occurs by intrauterine transmission (IUT), accounting for 13-44% of HBV transmission. 19 IUT refers to any transmission occurring prior to the onset of labor. There are several potential mechanisms for IUT of HBV including transplacental leakage, 10, 19, 20 placental infection, 19 cellular transmission via peripheral blood mononuclear cells (PBMCs), 10, 19 and germline transmission 4,10 ( Fig. 1) . Although HBsAg and HBV are unable to traverse the placenta, HBeAg is small enough to cross. 6, 21 When there is damage to the placenta, infectious particles are able to breach the placental barrier. Transplacental leakage is the most common mode of IUT. 22 This occurs when there is damage or overt rupture of the placenta, allowing direct exchange of maternal and fetal blood. 8 Leakage can occur during early pregnancy due to immature placenta or late in pregnancy due to uterine contractions. 8, 20 While many studies support this as the primary mechanism of IUT, others suggest that IUT can occur in the absence of transplacental leakage. 8 A retrospective study with a sub-group of HBV-positive mothers that underwent elective Cesarean section (C-section) showed VT of HBV in 1.4% of infants. 23 The methodology essentially eliminates uterine contraction as the cause of transplacental leakage, suggesting that IUT in these infants came about by means other than transplacental leakage. However, that study's design lacked control for other causes of transplacental leakage.
Additionally, the placenta itself can become infected. A study by Chen et al. 8 examined individual cell layers within the placenta tissue for HBV infection by detection of intracellular HBV DNA with PCR and in situ hybridization techniques, and of HBsAg and hepatitis B core antigen (HBcAg) by immunohistochemistry assay. Detection of HBV DNA, HBsAg or HBcAg was deemed indicative of infected placenta tissue. The authors did not comment on control for contamination of the placental tissue by maternal blood. They did, however, report that the infection rate decreased from decidual layer, the maternal-most layer, to the villous capillary endothelial cells, which are closest to the fetus 8 (Fig. 2) . IUT occurred in 31% of women with infected placental tissue. 8 HBV infection in the decidual cell layer conferred the smallest risk for IUT, whereas HBV infection of the villous capillary endothelial cells was associated with the greatest risk for IUT. 8 This suggests that the fetus may be infected by direct contact with the infected interfacing placental cells. While this correlation proposes a possible mechanism of layer-by-layer transmission through the placenta, it does not detail the specific cellular process by which HBV reaches the fetus in utero. Despite this lack of detail, the study was well controlled for co-infection and seropositivity among pregnant females and does clearly define their classification of IUT as HBsAg and HBV DNA positivity in the cord blood at birth. This distinction is important for distinguishing IUT from other forms of VT.
HBV DNA has also been identified in PBMCs. Infected PBMCs serve as HBV carriers from mother to fetus. 4, 14 Several studies have shown transfer of infected maternal PBMCs into fetal circulation as a significant mechanism of VT. 4, 14 A case-control study of 312 HBV-positive mothers used polymorphic markers to detect trafficking of PBMCs from mother to child.
14 The investigators identified seromarkers of HBV in their neonates, finding HBsAg in 7.7%, HBV DNA in 19.6% and PBMC HBV DNA in 26.0% of the offspring. 14 The number of infants infected by HBV DNA-positive PBMCs was greater than the number of infants positive for both of the other seromarkers. The percentage of infected infants of mothers with HBV DNA-positive PBMCs (57%) was greater than the percentage of those with HBV DNAnegative PBMCs (46%).
14 Methodologically, this study was well done and illustrates a precise mechanism of VT on the cellular level. However, data on this method of VT is fairly limited in the literature. For instance, Xu et al.
14 did not comment on the timing of PBMC transfer during the pregnancy nor on survival duration in the newborn. This information would be particularly useful in developing preventive interventions against this form of VT.
Another proposed mechanism of IUT is germline cell transmission. HBV has been shown to infect and replicate within ova. 24 However, the incorporation of HBV DNA into the germline oocytes may alter its ability to produce a fully functioning virus. 24 This was demonstrated by a study of 24 newborns born to HBV-positive couples, of which 12 had an HBV-positive oocyte and/or embryo. None of the 12 infants became chronically infected with HBV. 24 Importantly, that study was conducted exclusively in pregnancies arising from in vitro fertilization and, therefore, the data cannot be generalized to all pregnancies. It is possible that fertilization technique had some impact on viral persistence within the ova. In contrast, Yu et al. 10 reported a subgroup of two mothers with HBsAg-positive oocytes, both of which produced an infected infant. While these reports demonstrate conflicting results, with 0% versus 100% rate of VT by infected oocytes, the sample size in each study was extremely small. It is also difficult to compare techniques for detecting HBsAg within oocytes between these two studies, as the methodology in the study by Jin et al. 24 lacks detailed description of this process. In summary, additional information is Although technically not considered under the category of VT, sperm to ova transmission has been studied. The proposed mechanism is integration of HBV DNA into the chromosomes of spermatozoa of infected males, which can then be passed on to fertilized embryos. 20, 24, 25 Various studies in animal models have confirmed the ability of HBV DNA from spermatozoa to replicate and express HBV proteins in embryos. 20 Other investigations showed that this may not occur in humans. Cai et al. 20 identified eight fathers with HBV DNA present in their spermatozoa. None of their infants were infected with HBV, as determined by amniocentesis sampling for HBV seromarkers. In that study, infection occurred only in cases with HBV-positive mothers, regardless of paternal HBV status. 20 That study was flawed, however, by the ethical issues surrounding amniocentesis, with recruitment limited only to women undergoing the procedure for another approved indication. Indications for amniocentesis are typically associated with higher risk pregnancies and risk for genetic disease, which presents potentially confounding issues in the study sample. Additionally, this was an underpowered study, with a sample of only eight men with HBV-positive spermatozoa. Sperm to ova transmission may be obscured by maternal vaccination, as HBsAb are able to cross the placenta and prevent fetal infection. 25 This may explain the above findings. It is also possible that sperm to ova transmission is not an actual mechanism of infection.
HBV transmission during the intrapartum period can occur in three ways: instrumental trauma during delivery, microtransfusion of maternal and fetal blood, or by neonatal contact with vaginal fluid or epithelium. 4 Of note, HBsAg has been identified in 96% of vaginal fluid samples, and 55-98% of vaginal epithelial cells. 4 These specific mechanisms have been confirmed and involve direct contact between the fetus and maternal blood and bodily fluids.
The possibility VT during breastfeeding has been thoroughly disproven in the literature. Although HBV DNA and HBsAg can be detected in breast milk, 3, 4, 9 no study to date has demonstrated a statistically significant increase in VT in infants breastfed by HBV-positive mothers. 3, 9 Therefore, HBV-positive mothers should not be advised against breastfeeding. One caveat is any lesion or trauma to the breasts, such as cracked or bleeding nipples, which does increase the risk of HBV transmission. 4, 9 Interestingly, one study comparing breastfed versus formula-fed infants found chronic HBV infection in 1.5% and 4.7% respectively. 9 While this finding achieved only borderline statistical significance (p = 0.063), it may suggest a trend toward a protective role of breast milk against chronic HBV infection related to maternal antibodies in breast milk. However, it may also be due to other differences between the breastfed and formula-fed groups. For instance, the data was derived from a sample consisting of mothers who responded to recruitment by invitation. The resulting sample was disproportionately inclined towards breastfeeding as there were more than twice as many breastfed than formula-fed infants. In addition to the borderline significance achieved in this study, there is significant bias in the absence of random sampling.
Risk factors for VT
While breastfeeding has been excluded as a risk factor for VT, there are many other entities that have been studied as potential risks ( Table 2 ). The most prominent risk factors are HBeAg positivity and high maternal viral load. Other factors that play a lesser role are neonate sex, human immunodeficiency virus (HIV)-HBV co-infection and viral genotype.
HBeAg positivity is strongly associated with VT of HBV. 12, 17, 21, 26 The rate of VT is 70-90% in HBeAg-positive mothers, as compared to 5-40% without HBeAg. 1, 21 Young mothers, below the age of 27 years-old, were associated with higher rate of HBeAg positivity and, therefore, a higher rate of VT. 12, 13, 21 Infants born to HBeAg-positive mothers were more likely to become chronically infected with HBV compared to those born to HBeAg-negative mothers. 9, 26, 27 A study investigating the impact of HBeAg determined that 9.26% of infants with HBeAg-positive mothers were diagnosed with chronic HBV infection versus 0.23% of infants with HBeAgnegative mothers. 26 This was a well-designed retrospective study with a clear definition of chronic HBV infection, including confirmation of seropositivity at 6 months and a reasonable follow-up period. For these reasons, the authors appeared to be justified in concluding that HBeAg predicts outcomes of HBV VT.
The association between HBeAg and VT can be explained by two underlying mechanisms. First, HBeAg is an indicator of increased viral replication, which is directly related to VT. HBeAg also leads to neonatal tolerance to the virus, resulting in viral chronicity. The ability of HBeAg to cross the placenta generates HBV specific T cell tolerance to the virus. 6, 19 This can ultimately lead to failure of immunoprophylaxis.
Similarly, high maternal viral load at the time of delivery was correlated with VT. 11, 12, 15, 16, 26, 28 Several studies quantified viral loads above which there was increased risk, but the results ranged from 10 5 -10 8 copies/mL. 8 and 8% for greater than 10 8 copies/mL. In addition, reduction of HBV DNA levels below 10 6 copies/mL reduced the risk by about 30%. 30 Co-infection with HIV has also been proven to increase risk of VT, with a reported rate of 28%. 31 This association is likely mediated by increased HBV viremia caused by HIV immunosuppression. 32 Male sex may be a risk factor for HBV infection in infants. One study showed VT was more common among male infants, with a ratio of 1.43:1.
12 That study also revealed that genotype B2 was most prevalent among cases of VT. 12 There is very little evidence to support both neonatal sex and viral genotype as risk factors, but they are briefly mentioned here for completeness. While the aforementioned factors increase risk of VT, C-section delivery has been shown in a few studies to decrease risk. 15, 17, 23 This is a controversial area in both HBV and HCV infection. A large retrospective study comparing C-section and vaginal delivery with respect to HBV VT showed rates of 2.1% versus 5.9% respectively. 15 Theoretically, elective C-section decreases the risk of maternal fetal transfusion due to transplacental leakage, and also limits direct contact with maternal genital tract and its secretions. 4 However, these studies lacked randomization and did not specify control other risk factors, such as HBeAg status. The majority of the available literature failed to demonstrate a significant difference in risk for VT based on mode of delivery. 8, 16, 19, 26, 33 Ultimately, elective C-section is not currently recommended for HBsAg-positive mothers solely for prevention of VT. 33 
Prevention
The key to eliminating VT of HBV is adequate screening and preventive measures both during pregnancy and after delivery. All pregnant women should be screened for HBsAg.
1 A positive test result should be followed by HBV DNA quantification and determination of HBeAg status.
1 This information will reveal any increased risk of VT and inform the clinical decision for initiation of appropriate prophylactic measures. This strategy is depicted in Fig. 3 .
Immunoprophylaxis is indicated for all infants born to HBV-positive mothers. The HBV vaccine and hepatitis B immunoglobulin (HBIG) are both used for immunoprophylaxis, although there is some controversy as to whether both are required. Some studies have shown that vaccination alone may be equally effective. 6, 11, 34 A meta-analysis of nine randomized controlled trials illustrated no difference in HBV VT in infants born to HBsAg-positive/HBeAg-negative mothers who received combined immunization or HBV vaccine alone. 34 Others have demonstrated a superior prevention rate when these methods are combined. 4, 13 For instance, Schillie et al. 13 found HBV vaccine to be 75% effective, and HBIG to be 71% effective, and with combined efficacy of 94%. There are several potential explanations for the differences seen among these studies. It is likely that the maternal viral load was different among study populations, which would impact the rate of VT despite immunoprophylaxis. None of the above studies delineated the specific mechanism of VT. This could be important because HBIG plays a larger role in the immediate prevention of intrapartum transmission, as compared to IUT. 11 Currently, the standard of care according to US liver and infectious disease society guidelines is to administer both the HBV vaccine and HBIG. 9, 11, 16, 35 A total of two doses of HBIG and three doses of HBV vaccine are recommended. The American Association for the Study of Liver Diseases and United States' Centers for Disease Control recommends that first dose of HBV vaccine and HBIG be administered within 24 hours of birth. 4, 11 Any delay beyond 48 hours postpartum significantly decreases efficacy. 4 Subsequent doses are given at approximately 1 month and then 6 months of age. 11, 23 The second dose of HBIG is administered at 2 weeks of age. 23 Without immunoprophylaxis, 90% of infants born to HBsAg/HBeAg-positive mothers will become infected. 22 HBIG and HBV vaccine has been reported to reduce the rate of VT from 90% to 5-10%. 23 Immunoprophylaxis has some limitations. It is only effective against infections acquired peripartum. It does not protect against IUT. 4, 7 HBIG given to mothers in third trimester has not been shown effective in reducing VT. 23 A randomized trial by Yuan et al. 36 found no difference in number of infected infants between the intervention group, comprised of pregnant women who received three doses of HBIG in their third trimester, compared to a control group of pregnant women who did not receive any antepartum treatment. Additionally, high maternal viral load and HBeAg positivity have been shown to confer additional risk for immunoprophylaxis failure. 37 Approximately 5-20% of children born to highly viremic mothers 7, 12, 23, 35 and 10% of infants born to HBeAg-positive mothers 26 were chronically infected despite timely administration of HBIG.
Unlike HBIG, other preventive strategies effectively decreased the likelihood of VT of HBV when initiated prior to delivery. Antiviral nucleotide/nucleoside analog agents have proven useful in lowering the maternal viral load of HBV and thereby reducing the rate of VT. 4, 23, 26 Current practice includes screening women during weeks 28-32 of pregnancy to quantify the HBV DNA. 26, 37 According to the European Association for the Study of Liver, women with HBV DNA of >10 6 -10 7 copies/mL require additional treatment with antiviral medications to reduce risk of VT. 15, 29, 38 HBeAg positivity has been used as a surrogate for viral load when considering antiviral medications. Therapy should begin in the third trimester. 9 However, there is some evidence that initiation of antiviral agents after week 32 was insufficient to reduce maternal viral load for a protective effect. 35 Conversely, starting treatment too early in pregnancy may be problematic, as antivirals started in the first trimester resulted in more birth defects compared to when started during the third trimester. 6 Only a few nucleotide/nucleoside analogs have been approved for use in pregnancy due to limited availability of safety data (Table 5) . Lamivudine is a category C nucleoside analog that decreases maternal viral load by competitively inhibiting HBV reverse transcriptase. 19, 30 Several studies have demonstrated greater than 50% reduction in VT rate in those women treated with lamivudine versus untreated women. 4, 6 A meta-analysis of 1693 pregnant women found up to a 70% reduction in VT in those treated with lamivudine. 35, 39 Recent emergence of lamivudine-resistant HBV strains 40 has turned attention toward other agents, including telbivudine and tenofovir.
Telbivudine is a category B nucleoside analog that selectively inhibits HBV polymerase and thereby suppresses HBV replication. 30 A number of studies have demonstrated that telbivudine is more effective than lamivudine at reducing maternal viral load. 6, 12, 30, 35, 41 A study comparing mothers treated with lamivudine versus telbivudine found HBsAg positivity in their children in 18% and 2% respectively. 6 Another study compared the viral load in pregnant women at 4-8 weeks after initiation of antiviral therapy, finding HBV DNA to be undetectable in 36.5% in those treated with tebivudine and 20.1% in the lamivudine group. 30 These findings, in concert with the increased resistance against lamivudine, underscore telbivudine as the superior drug.
A third medication that has been shown to be effective in reducing maternal viral load is tenofovir. 1, 41 Tenofovir is a category B nucleotide analog that selectively inhibits reverse transcriptase. 35 It has been shown to significantly lower median HBV DNA in pregnant mothers compared to controls. 29 In this group of mothers receiving tenofovir, 68% were at the target HBV DNA level of <200,000 IU/ mL. 29 Data on safety and efficacy of tenofovir are somewhat limited compared to the previously mentioned agents.
While these drugs are effective at preventing VT of HBV, there are no current data available on the long-term safety for children exposed to these drugs in utero. 23 More longitudinal studies are needed to elucidate any long-term safety concerns associated with these treatments.
HCV
Epidemiology
HCV infection affects 2-3% of the world's population. 5, 42, 43 In the United States, 1-2% of pregnant women are infected, [43] [44] [45] with approximately 40,000 children born to HCV-positive mothers each year. 44, 46 Compared to HBV, the rate of VT in HCV is lower, 2 ranging from 3-14% 5, 42, 43, [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] (Table 3 ). More specifically, the risk of VT is 1.7% in children born to women positive for hepatitis C antibody (HCAb) and 4.3% in children born to women positive for HCV RNA. 42 HCV acquired by VT progresses to chronic hepatitis C in greater than 80% of cases. 56 Furthermore, there is a 1-2% risk of cirrhosis with childhood HCV, 49 with greater risk of more severe liver disease and more frequent progression to cirrhosis in those with HBV co-infection. 45 
Diagnostic criteria
Unlike HBV, the diagnostic criteria for VT of HCV infection are well defined. VT of HCV can be confirmed in two ways: HCV RNA detected in two serum samples at least 3 months apart during the first year of life or hepatitis C antibody present after 18 months of age 52, 56, 57 (Table 4) . A negative HCV RNA result within the first month of life does not rule out HCV infection. The sensitivity of PCR for HCV RNA was found to be only 22% at birth, but increased to 70-85% after the first month of life. 43 The timing of seropositivity may provide information on the timing of transmission. A few studies suggest that an infant that is positive for HCV RNA within the first 3 days of life is likely to have been infected by IUT. 43, 56 If HCV RNA is negative in the first 3 days of life, but later becomes positive, the infant was more likely to have been infected during the intrapartum or postpartum periods. 43 However, these studies either did not perform testing with cord blood or did not specify their source of neonatal blood sampling, which partially discredits the evidence behind this assumption.
In contrast to HBV, the rate of VT in HCV has clearly defined diagnostic criteria. Consequently, rate of VT in HCV has a much narrower range (2-14%) 5 ,42,43,46-55 than HBV (1-28%).
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Mechanisms of VT of HCV Like HBV, HCV transmission from mother to infant occurs by IUT or during delivery. 42 It is estimated that 30% of cases are intrauterine, whereas 40-50% of the cases are perinatal. 43 The fetus may be exposed to HCV as free virions or cellassociated virus that crosses the placenta. 43 A review article by Le Campion et al. 58 proposed that this occurs by transcytosis, or transcellular vesicular transport (Fig. 4) . This is a well-written review summarizing many postulated mechanisms of VT. The authors discussed several risk factors for VT as mechanisms for transmission.
Gugliano et al. 2 found that primary trophoblast, a specialized epithelial layer of the placenta, expresses receptors for HCV binding and entry (Figs. 4 and 5) . The authors further demonstrated the presence of HCV NS5A protein, a nonstructural HCV protein, within human trophoblast cells, suggesting endocytosis and uptake of HCV. 2 This was a meticulously designed study, which effectively demonstrated this mechanism of transmission. Moreover, this study is unique in its inclusion of samples from both first and second trimester placentas of terminated pregnancies, as well as full term placentas. Placental samples from all three trimesters should have allowed for temporal analysis of transmission and an understanding of the timing with which VT occurs during gestation, but timing was not analyzed in this study. A large amount of HCV reaches the placenta during pregnancy. 43 The placental infection leads to release of inflammatory cytokines and activates the maternal immune response. 44 This ultimately can cause damage to the placental barrier between mother and fetus and creates an avenue for HCV transmission 44 (Fig. 4) . During delivery, there is ample opportunity for the infant to be exposed to infected maternal blood. This contact can occur incidentally during childbirth. Various obstetrical procedures can cause this mixing of maternal and fetal blood.
As with HBV, the question of breastfeeding as a potential mechanism of HCV VT has been raised. Small amounts of HCV RNA can be detected in breast milk. 5, 49, 56 However, the literature unanimously concludes that there is no risk of transmission via breast milk. 5, 46, 56, 57, 59 As with HBV, the exception is the case of damaged nipples, which would allow for blood contact between mother and infant and pose a risk for transmission. 56 Some studies have shown that the virus is actually inactivated by human milk and its digestion products. 54, 59 The lipase in human milk degrades triglycerides and the break-down products form micelles. 59 These then disrupt the viral envelope and inactivate the HCV. 59 While this is an interesting finding, the conclusions cannot be applied to breastfeeding for HCV-positive mothers, as the study was limited to breast milk from HCV-negative mothers, and then incubated with the virus. This preparation of virus mixed with breast milk may differ from breast milk produced by HCV-positive women in amount of virus present or in viral integrity. 
Risk factors for VT
There are many factors that can increase the risk of HCV VT, including viral load, maternal characteristics, obstetrical factors, sex of neonate and co-infection with HIV ( Table 2 ). The most important risk factor for VT of HCV is maternal viral load. 46, 48, 49, 56, 57 High maternal viral load at the time of delivery is strongly correlated with risk of VT. 46, 48 No clear level of HCV RNA has been defined as predictive of VT. However, VT has been reported even with HCV RNA levels <20,000 IU/ mL. 48 Interestingly, one study found the rate of VT in pregnant women with undetectable levels of HCV RNA to be 0.06%. 60 Although this is very low, it should theoretically be zero. This can be explained by the definition of "undetectable" used in this particular study.
There are several maternal characteristics that contribute to risk of VT. High maternal alanine aminotransferase level within 1 year of pregnancy or at the time of delivery is associated with VT. 43, 56 This association can be explained by viral load. Elevated level of alanine aminotransferase likely reflects high viral replication, 37, 43, 56 which has been clearly linked to increased risk of VT. History of intravenous drug use in mothers has also been suggested in a few studies as a possible risk factor, but this association has not been reported consistently throughout the literature. 50, 57 A number of obstetrical considerations may also play a role in VT of HCV, including intrapartum procedures, amniocentesis, prolonged rupture of membranes (ROM), and multiple births. Fetal scalp blood sampling, internal electrode fetal monitoring, and episiotomy are commonly performed during childbirth. These procedures increase maternal fetal blood exposure and ultimately increase the risk for VT. 43, 56, 60 More specifically, fetal scalp blood sampling and internal electrode monitoring increased risk of VT from 1.9 to 9.3% in one study. 60 Episiotomy increased the risk from 1.7 to 3.8%. 60 Amniocentesis is another obstetric procedure that can increase risk of VT iatrogenically. HCV can be detected in the amniotic fluid of 6.3% of infected mothers. 56 This procedure allows for potential exposure of the HCV present in amniotic fluid to fetal circulation. Prolonged ROM, or the duration of time from rupture of the amniotic sac to delivery of the fetus, more specifically for duration greater than 6 hours may increase the risk of VT. 42, 43, 46, 56, 60 The European Pediatric Hepatitis C Virus Network estimates that for every hour increase in ROM duration, the risk of VT increases by 3%. 57 The average ROM time in infected children is 4.5 hours. 57 Also, from an obstetrical perspective, VT of HCV does not equally affect infants of twin pregnancies. Transmission is more likely to occur in the twin with second birth order. 56 This is likely because the second twin has more perinatal exposure to maternal circulation due to the aforementioned risk factors.
As in the case of HBV, sex of the neonate has been reported to affect the rate of VT in HCV. However, male infants are more commonly infected with HBV, while female infants are twice as likely to be infected with HCV. 43, 57, 60 It is speculated that this is due to differences in hormonal or genetic response to HCV. 
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Pregnant females co-infected with HIV are 3 to 4 times more likely to transmit HCV to their child, 42, 43, 48, 49 with the reported VT rate being up to 19%. 5 In these individuals, HIV-induced immunosuppression allows for increased HCV replication and, therefore, higher viral load. 49, 57, 59 Treatment with highly active antiretroviral therapy reduces the increased risk of VT. 43, 57, 59 Several other factors have been studied for the potential to influence VT of HCV, but have actually been found to confer no additional risk. History of VT in previous pregnancy does not increase the risk of VT in subsequent deliveries. 56, 57 There was no association between mode of delivery and rate of VT. 48, 57 More specifically, C-section does not prevent VT of HCV. 46, 48, 49 Lastly, no specific viral genotype has been linked to risk for VT. 42, 56 Of note, genotype 1 has been reported to be the most prevalent genotype among infected children, ranging from 53-75% of cases. 47, 48, 60 While a relationship to genotype is possible, it more likely reflects the overall distribution of genotype in the general population.
Prevention
Unlike HIV and HBV infection, there are no antiviral medications or vaccines available for HCV-positive pregnant women to reduce or prevent VT. 43 Antiviral medications developed against HCV are contraindicated during pregnancy. 43, 46 Pegylated interferon increases the risk of miscarriage and low birth weight. 45 Ribavirin, a direct teratogen, is not only contraindicated in pregnant women, but also in the male partners of women who may become pregnant 43, 45 Newer agents, including sofosbuvir and ledipasvir, are not necessarily contraindicated in pregnancy. However, their effects and safety have not yet been adequately studied during pregnancy in humans 50, 51 and, therefore, these agents are not used in this population.
Because no intervention has been shown safe and effective, the key to prevention of HCV VT is screening. HCV screening should be incorporated into the routine care of women of childbearing age. HCV-positive females may then be treated prior to conception to eliminate the risk of transmission.
Discussion
This is the first review to our knowledge to address VT in both HBV and HCV. It provides an opportunity to consider VT of chronic viral hepatitis as a unified clinical dilemma and to identify the similarities and differences between each virus with regard to mechanisms of transmission, risk factors, and prevention.
VT is the most common route of transmission of chronic viral hepatitis in children. It can occur by several mechanisms. Both HBV and HCV transmission can occur during intrauterine and intrapartum periods. HCV can itself can cross normal, intact placenta as can HBV antigens filtered according to size, whereas HBV particles cannot. Neither infection is transmitted by breast milk. Similarly, the mode of delivery is not associated with VT of either virus, and C-section is not recommended for infected mothers solely to prevent VT. In addition, HBV and HCV share some common risk factors for VT including maternal viral load, HIV co-infection and neonatal sex.
Some children are able to clear both HBV and HCV spontaneously. However, there is a significant portion of infected children with persistent viral hepatitis following VT.
This highlights the importance of prevention of VT in both HBV and HCV. There is sharp contrast between HBV and HCV prevention, with more preventive options available for HBV infection, including HBV vaccine, HBIG, and third trimester antiviral medications. There are currently no vaccines or antiviral regimens approved for use during pregnancy or in children for HCV. Screening before and during pregnancy is a viable method for either virus.
Conclusions
As treatments for adult chronic viral hepatitis improves, the rates of VT should simultaneously be reduced. In the meantime, it is crucial to further our current understanding of how each virus is transmitted, how it affects children from infancy through adulthood, and how we can better prevent these cases of VT.
